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Introduction

 Only ~10% of Y(1S) decays have been measured
 Dominant decay mode: Y(1S) — ggg

 Y(1S) —» D** + X expected to proceed via:

b e b
q

g9

QEE | Color singlet | Color octet

— Virtual photon annihilation with hadronization
— Higher-order contributions from color singlet and octet
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Introduction

« Theoretical calculations for Y(1S) decays

keV
- Y(lS) % D>l<i + X momentum ( 82 )_III|IIII|III|III|IIII|IIII|IIII|III|III|IIII_
distribution prediction (OIS o
— QED and color singlet dominate, LI
- . ~ 1
but color octet may be non-negligible 5%
Kang et al., PRD 76, 114018 (2007) . |
—_ ~ 0) I ‘..H|_l.....|1.|‘.-'1';'('.'.;|.-.:...|....|...TF|TT‘7r.TuL|JF
May be up to ~50% of color singlet o s 1
Zhang & Chao, PRD 78, 094017 (2008) Xp

* Yp; decay: color octet ~9% of color singlet [CLEO, PRD 78, 092007 (2008)
* Y(1S) decays to open charm not yet observed
— BF(Y(1S) > D** + X) < 1.9 %  |ARGUS, Z Phys C55, 25 (1992)
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The BaBar Experiment

As of 2008/04/11 00:00
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Y(2S) Data: 14.4 fb7 ~ (98.6 + 0.9) M events
Y(2S) - ntn Y(1S): ~17.8 M events
Y(4S) Off-peak: 44.5 fb"
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Analysis Strategy

Reconstructed decay chain:
Y(2S)—>Y(1S) ntn-
> Y(1S) = D™ + X
> D*t - DOnt
> DO — K'n

ldentify Y(2S) —» n™n~ Y(1S) events by recoil mass:

i?\[recnil = \/(Pe+e— — Pﬂ"ﬂ')z

Subtract =t~ sideband and wrong-sign decay backgrounds
Fit yield from mgo distribution in bins of scaled momentum:

_ Pp==

Xp Pmax — \/(TTZ'T(LS‘)/Q)Q — ?’T?;QDH_

p Imax
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Selection Criteria

®
e MC m_, _ tuned to match CLEO Variable Criterion
o — AN N/ 2
CLEO, PRD76 072001 (2007) ;@-(E ,.)) > 400 i\f_;\/c-
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Combinatoric Background

 Define “wrong sign” sample (D** — D%, D® —» K r*)
— Fake soft pions in D* or D° candidate (dominant)
— Doubly Cabibbo suppressed (D*—>D%r-, DO—K 1) (0.4%)
— K and = double-misidentification (<0.02%)

R i "*""""""": “4200F T T T T T
=, 2001 RightSign| 1 =% Right Sign
(4] I~ - m 3 | . |
- | m Wrong Sign| 1 2000 Wrong Sign
=400 | S I +
= o 28001 -
53001 + 4 3 I *
= t =600 ]
5 :_ } f _: i L ¢ ]
200: + f 1 400 ) ~
- it # | C , ]
loop " y B 2001~ C | o
Q*i*i&itii*ﬂ+¢*r*'mit*mttt¢1ﬂ3s..‘-a.-.-,‘i--r””i“w-n'r"?to??o:"’.;-imimﬂ,.-m.i;,wiie.t} 5 e T e st ST
Co b v b v b e e e L YT - P il B B B R
0 1.8 182 184 186 188 19 192 09135 0.14 0.145 0.15 0.155 0.16 _0.1165
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Dipion Sideband Subtraction

o
* Subtract myo distribution from M, sidebands
— Real D*/ Non - Y(2S) —» n™n~ Y(1S) backgrounds
» Scale mpyo distribution to signal region and subtract
— Ratio: linear (sideband) / double-Gaussian (signal)
(g 35[] I I I I I ':;%2[)0:_ I I ' I+: T T T __
G G o0of o | Al =
, - 4 -
2 300 o - Signal ]
2 250 2800 ' 4 |Sideband|-
< 500 S 600F- b 3
2" g F bt
E150 400 : -, B
100 200 ;— ;: ‘*:.““'v.:‘:z _
5[] 0_ P .' NI S N TN TR S N N .."I PRI T T R T AN N
9.44 9.45 9.46 9.47 9.48 9.49 1.8 1.82 184 186 188 19 192
my___, [GeV/c’] my; [GeV/c]
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Signal Extraction

* Signal yield from fit to mpo in slices of x; = [0.1,1.0]
 PDF parameterization: e

P(m) = ngg X Pig(m) + npkg X Pogg(m) ‘mog -+ E
P%ig((rn’; f Hs 01, 0'2) — fG(m, I Ul)
+ (1= f)G(m; p, 02)

2001

Entries/0.0030 GeV/c
3
(]

100f

Poxg(m; p,p1) = 1/w + pi(m — p)

e gt g

— f, 6,, 5, determined from MC e
— u from full x; range data
* Parameterization stability verified on MC across X,
o
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Efficiency

O
« Determined from fits to MC In slices of X5
:‘}'I — ' I | ' | —
2 E I S
2 i e .
é 0.2 e -
= - e )
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i < €data > — (17.7 1 0.3)% i
L T B S S RS S R S S R
% 0.2 04 0.6 0.8 1
Xp
* X,< 0.1 dominated by combinatorial background
O
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Results

* ng, = 11845 + 596 5
<1400

B[Y(1S) — D**X| 8
£1200

Nsig 5
- 1000

kpcs X Bdecay X Nr(1s)
— (2.52 £ 0.13(stat) = 0.15(syst))%| 3%

|

600

« Derived QED contribution: 400
B[Y(1S) — 7" — D**X] 200
O D=+ %

H

FTH

0.6

— x B[Y(1S) — pu*p~] [PDG, PLB667, 1 (2008)

Tqq
x o(ete” — hadrons)/o(eTe™ — pumu™)

— (1.52 £ 0.20)%

ARGUS, Z.Phys C54, 13 (1992)

« Apply this normalization to fragmentation function

CLEO, PRD 70, 112001 (2004)
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Cross-Checks

o
« Off-resonance fit consistent with O events
IR S A A = B B L o I P I
§ 405 é sof— ++ + e
) A T LT
= I Tt H T JHDF E
=R -501 + -
=200 : :
- -100F- =
-40 B T
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» Alternate fit to M, returns conS|stent results
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Systematic Uncertainties

o)
; , * T reconstruction
Sources of systematic uncertainty
Slow 7= reconstruction 3.0% - D" - D P related to 6
M;ecoil selection 2.8% — Acg between data/ MC
B'deca}-' 2‘_})':/{' e M _
Generated xp distribution | 2.2% recoll
PID 1.6% — Peak differs in MC and data
Tracking efficiency 1.6% — Fit with double-Gaussian
T (2S) decay model 1.2%
Y counting 0.9% — Compare Ag
Background curvature 0.4% o Bd ecay PDG, PLB667, 1 (2008)
MC efficiency 0.4% _
Signal Shape‘ 0.3% B B.(YKZS).—) wrn Y(13))
kpcs 0.02% * X, distribution
Total 5.9%  — Fit empirically

— Reweight and refit MC

®
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Discussion and Conclusion

B(Y(1S) » D** + X)
=(2.52+0.13+x0.15%
X,>0.75: consistent with QED

Entries/0.05
o B
g 8
|

1000~

o

x,<0.75: significant excess 600;: ﬂﬁ
P(x?) = 1.6 x 10°® j( % +
Exceeds QED by (1.00+0.28)% . '~

%

Consistent with color singlet
prediction (1_2() + ()_29)% Kang et al., PRD 76, 114018 (2007)
Disfavors large color octet contribution

For full details, please see our publication:
BABAR, PRD 81, 011102(R) (2010)
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